niques still require relatively large numbers of staphylococci to produce infection (19) . Fatal systemic infections have been equally difficult to produce in animals and have necessitated the injection of 107 to 109 bacteria (20) (21) (22) (23) . A few strains of staphylococci have been found that are capable of producing lethal systemic infections with inocula of from 102 to 103 bacteria (24) and have excited considerable interest (25) (26) (27) . The virulence of these strains apparently results from an unusual antigenic variation (27, 28) which, despite its interest, is of doubtful significance in human staphylococcal infection, since such strains have been isolated only rarely from clinical infections (29) . The insensitivity of these experimental systems has been a handicap for comparison of the relative virulence of strains of staphylococci and evaluation of the effect of antibody and other defense mechanisms in a living system. Preliminary studies of staphylococcal infections in a variety of animals indicated that embryonated eggs were readily infected with pathogenic staphylococci (30) . The present study describes the sensitivity of embryonated eggs to 68 strains of coagulase positive Staphylococcus aureus and 36 strains of coagulase negative Staphylococcus epidermidis and defines some of the characteristics of this infection. Subsequent publications will describe the importance of individual bacterial virulence factors (31) and the protective effect of antitoxic and antibacterial antibody in the chick embryo (32 In vivo growth curves. Lots of 64 10-day-old embryonated eggs were injected with 0.1 ml of a 10' and 10' dilution of coagulase positive staphylococci and 0.1 ml of a 10' dilution of coagulase negative staphylococci. The shell over the air sac was removed; allantoic fluid was aspirated aseptically and serially diluted for plate counts. The remainder of the allantoic fluid was removed, and 1.5% saponified cresylic acid' was added to the shell containing the intact yolk sac, amnion, and embryo. After 10 minutes, the cresylic acid solution and the yolk were removed. The amnion and embryo were extracted with sterile forceps and placed in a sterile petri dish. The amnion was removed and the embryo washed in the cresylic acid solution and rinsed with sterile PS. The embryo was opened by a ventral incision, and the heart and liver were removed aseptically. These were ground in a glass tube with a Teflon tissue grinder, and 0.2 ml of the bloody supernatant fluid was removed. Bacterial titers were determined by plating 0.1 ml of undiluted fluid and serial tenfold dilutions of the fluid.
Results
Lethality of coagulase positive and coagulase negative staphylococci. The crate infections, their over-all lethality was significantly less than that of strains isolated from pneumonia and bacteremia. Lethality did not differ materially, however, for strains isolated from patients with severe wound infections, pneumonia, or bacteremia.
Size of inoculum and rapidity of death. The increase in fatality attained with a 1,000-fold increase in inoculum size over that observed with a small inoculum often was not so great as might have been anticipated. This finding appeared to reflect resistance of a small proportion of the eggs to fatal infection in addition to differences in the rate of killing by inocula of 100 and 103 to 104 staphylococci during the period of observation.
The effect of the latter may be seen in part in the cumulative daily death rates with the two sizes of inocula of the three groups of staphylococci illustrated in Figure 3 . Larger inocula of pathogenic staphylococci were more rapidly fatal and produced 70% of the total fatalities within the first 2 days after infection, and only a small proportion of deaths occurred later in the 10-day period. With smaller inocula, there was an initial lag before deaths were apparent, and the death rate increased progressively until the final day of observation, with 60%o of the total fatalities occurring after the second day. A similar but less striking relation between the size of the inoculum and rapidity of fatalities also occurred with strains isolated from uninfected outpatients. The effect of the size of the inoculum on the time of death was even more apparent when individual strains were considered. More virulent strains that produced fatality rates of 85% or greater with a small inocula produced 84% of their fatalities in the first 2 Table  I . No significant differences were observed among any of the groups, and undiluted overnight cultures of coagulase negative staphylococci were no more lethal than the media in which they were grown.
Recovery of injected staphylococci. Some leakage occurred after the injection of bacteria in Figure 5 . Seven-aid, to a lesser degree, 8-dayold embryos were susceptible to lethal infections wvith coagulase negative strains but became resistalnt b1 the tenth day. The age of the embryo odiflied the virulence of coagulase positive strains in a similar fashion. Almost uniform fatality occurred in 7-or 8-day old embryos; 13-and 15-dayold embryos were less susceptible. The greater suscel)tibilitv of the younger emnbryos did not obscure the differences in virulence between coagulase positive and coagulase negative strains. The former strains were significantly more virmilent at all ages, although the differences were most evident in embryos 10 Multiplication of coagulase Ilegative staphylococci in allantoic fluid lagged behind that observed in broth and was less than that of coagulase positive strains in either type of mieditim during the first 6 hours. This difference failed to persist, however, and both types attained similar population densities of 10S bacteria per ml by 18 hours in both nedia.
(;roowtl of staplivlococci in vivo. In zvivo growth curves also were determined in both allantoic fluid and the embryo after injection of both a large (2 x 103 cfu) anId small (2 cfu) inoculum of coagulase positive staphylococci, and a large inocultim (9 X 103 cfu) of coagulase negative staphylococci. These growth curves plus the cumulative dlailx fatality rates of the strains studied are illustrated in Figlure 7. Points on the graph represent the mean of counts obtained from four eggs in each of three experiments. Growth curves of the large inoculum of coagulase positive and coagulase negative staphylococci were quite similar for the first 3 days with both reaching numbers of 108 cfu per ml or greater in allantoic fluid and 103 to 104 cfu in the embryo. The high early fatality rate in eggs injected with 103 cfu of pathogenic staphylococci precluded assessment of growth beyond this period, although this measurement was attempted with lots of 64 eggs on three separate occasions. After the injection of a small number of coagulase positive staphylococci (2 cfu), 48 hours elapsed before their numbers reached those attained by the larger inoculum, but after this period the microbial population persisted essentially unchanged in both allantoic fluid (108 per ml) and the embryo (103 to 104) for the remainder of the study. In contrast, after an initial rise, a progressive decrease in the number of coagulase negative staphylococci was observed in both the embryo and allantoic fluid until the number of coagulase negative staphylococci present on day 3 had decreased by 99.7% in the allantoic fluid, and by 99.2% in the embryo by the tenth day. All three experiments gave similar results, with coagulase positive staphylococci attaining similar numbers in 48 hours and persisting at this level, while the progressive decrease in numbers of coagulase negative staphylococci after days 3 and 4 also occurred in each study.
Invasion of the embryo was observed only when bacterial counts in the allantoic fluid exceeded 107 cfu per ml. Involvement of the embryo appeared to be related to increasing fatalities with coagulase positive staphylococci, but coagulase negative staphylococci were capable also of invading the embryo without producing fatalities. Discussion These investigations were undertaken in an attempt to find a more sensitive experimental host for the study of staphylococcal infections. Embryonated eggs seem to possess many features that would be desirable in such an experimental model. They are extremely susceptible to infection with small numbers of pathogenic staphylococci, and the lethality of individual strains is consistent and reproducible over a period of several months. The sensitivity to infection also may be modified by utilizing the differences in susceptibility of em-X~~~~~-Br @oth ,COAGM/ASE f-SrfiWAfMj** * C-A Fluid COAG NFGAT/-Vj-fm---Broth the course of the infection, production of exotoxin in vivo rather than injection of preformed exotoxin is responsible. Previous studies have demonstrated that the lethality after injection of washed and unwashed staphylococci does not differ materially and that heat-killed cultures are nontoxic to the embryo (30) . Alpha hemolysin is often listed as being one of the more important of the toxins elaborated by staphylococci because of its hemolytic, dermonecrotic, leukocytic, and lethal properties. Only negligible amounts of a-hemolysin are produced by the cultural techniques utilized for the preparation of the infectious inoculum, but production in vivo does occur in infected chorioallantoic fluid (31, 40) . Recent investigations by Goshi, Cluff, and Norman have suggested that the leukocytic action of a-hemolysin produced in vivo inhibits phagocytosis and allows enhanced proliferation of coagulase positive staphylococci in infections in rabbits (41) . A similar effect of a-hemolysin may have been the mechanism allowing persistence of large numbers of coagulase positive staphylococci in the embryo at a time when the microbial population of coagulase negative staphylococci was progressively decreasing. Production of a-hemolysin does not entirely explain the lethality of staphylococci in this system, however. Studies, yet to be reported, have demonstrated that antitoxin does not significantly alter the lethality of the infection although it completely inactivates a-hemolysin produced in vivo (32) . In addition, strains of staphylococci, lethal to embryonated eggs, have been studied which fail to produce a-hemolysin either in vivo or in vitro (31) . A similar situation is found in human infections where a-hemolysin, although produced by most staphylococci isolated from human infections, is not a prerequisite for human pathogenicity (42, 43) . Other exotoxins may be equally or more important than a-hemolysin in this experimental system, and attempts are in progress to delineate their role and the exact cause of death of the embryo.
Summary
Studies with embryonated eggs demonstrated that staphylococci pathogenic for man are extremely lethal to this host. Intra-allantoic infection with less than 100 colony forming units of strains of Staphylococcus aureus isolated from clinical infections almost uniformly produced fatality rates of 50% or greater. The virulence of individual strains was reproducible over prolonged periods and tended to parallel their clinical behavior. Staphylococci isolated from clinical infections were more lethal than strains obtained from healthy carriers, strains isolated from severe staphylococcal infections were more lethal than strains isolated from milder infections, and strains of Staphylococcus epiderinidis were essentially nonlethal for chick embryos. The age of the embryo also modified lethality, embryos of less than 10 days of age being more susceptible to fatal infection with both coagulase positive and coagulase negative staphylococci than older embryos.
Differences in growth between coagulase positive and coagulase negative staphylococci during infection were observed but did not explain the marked differences in virulence of the two species. Both grew equally well in allantoic -fluid in vitro and in vivo and invaded the embryo. Coagulase positive staphylococci persisted at essentially the same numbers that were attained after maximal growth in allantoic fluid and in the embryo, whereas the numbers of coagulase negative staphylococci progressively decreased after initial logarithmic growth until less than 1% remained viable 10 days after infection. The mechanism of death for the embryo, the role of exotoxins, and explanation of the differences in virulence of coagulase positive and coagulase negative staphylococci remain to be determined.
